The epicarp of wild mango (irvingia species) fruits were hydrolyzed with 4.5M hydrochloric acid solution and distilled. The distillates were tested for furfural using volumetric, Uv/visible and IR spectroscopic methods in addition to other physicochemical parameters. The Uv/visible and IR scans and the other tests confirm the presence of furfural. The result also show good yield of furfural.
INTRODUCTION
Agricultural wastes are abundant, renewable, natural and rich sources of feedstock for chemicals. These agricultural by-products are more evenly spread all over the world in both terrestrial and aquatic environments. They are readily available in large quantity for use everywhere.
The importance of furfural and its derivatives has increased due to its very wide applications and this has made it imperative for the search for cheap, renewable and always available feedstock for the production of furfural.
Some of the applications of furfural and its derivatives include industrial chemicals and resins, solvent in petroleum industry, medicine, pesticides, antiseptics,disinfectors, insecticides, rust removers, and bio-fuels (De-Jong and Marcotullio 2010) The possibility of using agricultural by-products for the production of furfural has been recognized for many years and over the last 60 years a more considerable fund of information has been built up. These include the production of furfural from corncorbs, rice hulls, bagasse (Saad etal, 1978) , palm fruit fibre (Odozi etal, 1985) , Garbage (Win, 2005) , raphia hookeri (Wankasi and Tarawou, 2011) , pawpaw and pineapple peels (Wankasi, etal, 2011) and Banana and plantain peels (Wankasi and Yabefa, 2011) .
The low yield of furfural from straw and other materials makes it desirable to extract the aqueous furfural distillate after acid hydrolysis by a solvent heavier than water such as chloroform. Sometimes the distillate is treated with enough sodium hydroxide so that the mixture is left just faintly acid, and the furfural separated (Adams and Voorhees 2011).
Furfural can be produced by acid catalyzed hydrolysis of agricultural by-products containing hemi-cellulose or pentosan Pentosan is one of the important fibre component of non-starch polysaccharides called hemi-cellulose. Hemi-cellulose can be any of several heteropolymers present in almost all cell walls.
There are two varieties of the wild mango, i.e l.Gabonensis with sweet pulp or skin and l.Wombolu with bitter pulp or skin. They all belong to the family of irvingiaceae (Harris 1996) . Both irvingia species are found growing wild in the humid lowland Forests of tropical Africa in Angola, Cameroon, Central African Republic, Congo, Equitorial Guinea, Gabon, Zaire, Senegal and Nigeria (Harris 1996) .
MATERIALS AND METHODS
Sample collection and preparation: Wild mango (irvingia species) fruits were obtained from Amassoma Town in Bayelsa State of Nigeria. The Epicarp were separated from the rest of the fruit. The epicarp were then oven dried at 60 o C for 48hours and ground to 500um mesh sizes.
Furfural production by Acid Hydrolysis: 30grams of the 500um mesh sizes of the epicarp of wild mango were weighed into a round bottom flask and refluxed with 500ml of 4.5HCl solution for one hour. The hydroxylate was cooled and stored in brown reagent bottles for further experimentation.
Distillation of hydroxylate: 300ml of the hydroxylate were put into a round-bottomed flask in distillation unit set up with a receiver containing chloroform.The hydroxylate was then distilled so that the distillate (furfural) passed directly into the layer of chloroform contained in the receiver. Distillation was continued until there was no increase in the chloroform layer.
Distillation
of furfural/chloroform mixture (chloroform layer): 350ml of furfural/chloroform mixture were put into a round-bottomed flask in a distillation unit. The flask was heated with an electrothermal heating mantle. The chloroform was recovered at 60 o C while the furfural remained in the flask.
Density of distillate:
The empty density bottle was weighed and recorded. The density bottle was then filled with the distillate and the weight recorded. The difference in weight was taken and the density computed.
Boiling point determination: 70ml of distillate was measured into a clean 100ml beaker and a thermometer with a capillary tube tied together was inserted. The beaker with its content were then heated using a hot plate until the first bubble was observed. The temperature at this point was read and recorded.
pH of distillate:
The pH meter was standardized with buffer solutions and then 25ml of each sample distillate was measured into a beaker. The pH values were read and recorded when the meter readings were stable.
Furfural estimation in distillate: 25ml of distillate was measured into a conical flask and 20ml of 0.05M potassium bromate/bromide (KBrO 3 /KBr) solution added and allowed to stand for five minutes. 10ml of 5% (0.05M) potassium iodide (kI) was then added and the liberated iodine titrated with a standard 0.1M sodium thiosulphate (Na 2 SO 2 . 5H 2 o) solution. Then the titre values (volumes of the NaS 2 O 2 . 5H 2 O) were recorded. A blank experiment was conducted under the same conditions. UV/Visible spectrophotometric scanning of distillates: A Jenway 6505 single beam scanning spectrophotometer was used to scan the distillates. The equipment was set to scan from 200-700nm at a scan speed of 5mm per minute.
IR Spectroscopic scanning of distillates:
A drop of neat sample was placed between two polished flat sodium chloride plates (cells) which were squeezed together and mounted in the FTIR SPECTROPHOTOMETER (Model: Spectrum onePerkin Elma) and scanned. Table 1 gives the density of the distillate as 1.17g/ml for the irvingia fruit epicarps. This value is within the 1.16g/ml for furfural. This shows that the distillate was furfural. The boiling point as indicated in Table 1 is 160   o C. This value is within the 161.7 o C for furfural and further confirms the conversion of the irvingia fruit epicarps to furfural.
RESULTS AND DISCUSSION
The pH value of 5.82 for the distillate is acidic. Table  1 also gives a fairly high percent yield of the furfural to be 33.67.
The carbonyl groups of saturated aldelydes and ketones give a weak absorption band in the ultraviolet region between 270-300nm. This band is shifted to longer wavelengths (300-350nm) when the carbonyl group is conjugated with a double bond (Solomon, 1978) . As the degree of conjugation increases, the absorption will shift to longer wavelength. Generally, each additional double bond increases or gives rise to longer wavelength. Each additional conjugated double bond increases the wavelength of absorption band for about 300nm (Kamalu and Ogbome 2008) .
Examination of the resulting spectra as shown in figure 1 revealed broad absorption band in the region between 350-500nm for the irvingia fruit epicarp distillate. This significant absorption band indicate the presence of conjugated unsaturated bonds. This also further confirms the presence of furfural as the broad band may be due to the conjugation in the furfural.
Carbonyl groups of aldehydes and ketones give rise to very strong c=o stretching bands in the 1665-1780cm -1 region of the infraned spectrum. The exact location of the peak depends on the structure of the aldehyde or ketone. For example RCHO (1729-1740cm ) the CHO group of aldehydes also gives two weak bands in the 2700-2775cm -1 and 2820-2900cm -1 regions of the infrared spectrum (Solomon, 1978) . Figure 2 is the infrared spectrum of irvingia fruit epicarp distillate. The spectrum shows sharp peaks between 1640-1710cm -1 for the distillate which indicate the presence of aldelyde. This further confirms the production of furfural from the epicarp of irvingia fruit by the acid catalyzed hydrolysis.
CONCLUSION
This study revealed a good yield of the furfural from the epicarp of irvingia fruits, which have been confirmed by the various tests including the Uv/visible and infrared spectrophotometric scans. Based on these findings, epicarps of irvingia fruits are good sources of renewable raw materials for the production of furfural. Furfural is a good source of chemicals and bio-fuels in the future bio-based economy.
